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CASE PRESENTATION
The patient was a 61-year-old African
American man who was diagnosed with
HIV in 1985 and HCV genotype 1a in
1993. His medical history was also sig-
nificant for hypertension, depression,
hyperglycemia, and previous alcohol
and polysubstance abuse. He had been
followed up at the National Institute of
Allergy and Infectious Diseases HIV
clinic since 1995.

He received zidovudine mono-
therapy for HIV from 1989 to 1991 and
combination antiretroviral therapy be-
ginning in 1996. He had cytomegalo-
virus colitis in 2000 and his nadir CD4
T-cell count was 94/µL in 1994. Since
2005, the patient’s HIV regimen in-
cluded lopinavir, ritonavir, tenofovir,
and emtricitabine with excellent ad-
herence and virologic suppression. His
most recent immune profile in Octo-
ber 2010 was a CD4 T-cell count of
544/µL with an HIV viral load of less
than 50 copies/mL.

With regard to his HCV, an initial
liver biopsy performed in July 1997 re-
vealed mild active hepatitis and bridg-
ing fibrosis. The patient received stan-
dard interferon monotherapy from July
1997 to December 1997. He later re-

ceived standard interferon plus ribavi-
rin from November 1999 to May 2000.
The patient did not experience a sig-
nificant decline in HCV viral load with
either treatment course. His HCV vi-
ral load was more than 1 million cop-
ies/mL in June 2000, 1 month after stop-
ping therapy. Between January 2002
and November 2002, the patient re-
ceived pegylated interferon plus riba-
virin. This treatment did not lead to
HCV clearance and was also compli-
cated by neutropenia, for which he re-
ceived granulocyte colony-stimulat-
ing factor. A subsequent liver biopsy in
December 2002 revealed moderate in-
flammation and bridging fibrosis sepa-
rating regenerative nodules sugges-
tive of cirrhosis (grade 4). More
recently, the patient had IL28B geno-
typing performed to evaluate the single-
nucleotide polymorphism in the inter-
feron � gene associated with favorable

response to interferon-based HCV treat-
ment. IL28B genotyping had not yet
been incorporated in standard HCV
care, but the patient had the TT hap-
lotype, which predicts poor response to
interferon-based therapy.

In December 2008, a liver biopsy
showed active inflammation, with
grade 1 steatosis and bridging fibrosis
(grade 3) (FIGURE 1). Magnetic reso-
nance spectroscopy of the liver indi-
cated 12% hepatic lipid content. The
patient then entered a 48-week ran-
domized, double-blind, placebo-
controlled trial of pioglitazone, 45 mg
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Hepatitis C virus (HCV) and human immunodeficiency virus (HIV) both
emerged in the second half of the 20th century, and chronic infection with
these agents is among the greatest challenges facing health care in the United
States and worldwide. Despite tremendous advances in treatment and man-
agement of HIV and HCV, individuals with HIV/HCV coinfection experi-
ence a more complicated disease course and treatment. Recognition of the
important role that host factors, such as IL28B genotype, have in response
to HCV therapy and the emergence of new effective therapies for HCV are
actively reshaping the standard of care. These advances may translate into
more effective treatment and management of patients with chronic HCV and
HIV coinfection in the years ahead.
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daily followed by 48-week open-label
treatment at the same dose. After the
patient received open-label pioglita-
zone for 1 year, a posttreatment fol-
low-up biopsy was performed in No-
vember 2010 and showed a reduction
in inflammation, grade 0 steatosis, and
bridging fibrosis (grade 3). Magnetic
resonance spectroscopy of the liver
showed 5% hepatic lipid content. Al-
though there was no improvement in
the patient’s fibrosis grade at the end

of this experimental treatment, there
was notable improvement in inflam-
mation, steatosis, and hepatic lipid
content.

Epidemiology of HCV Infection

Hepatitis C and HIV are presently the
leading chronic viral infections in the
United States and worldwide, signifi-
cantly affecting the morbidity and mor-
tality of infected individuals. Cur-
rently, HCV infects 180 million people

worldwide and 4.1 million in the United
States alone.1 Infection with HCV is the
leading indication for liver transplant
and is approaching alcoholic liver dis-
ease as a leading cause of liver-related
death in the United States.1,2 Between
1994 and 2001, health care utilization
for HCV-related care increased annu-
ally by 25% to 35%.3 More recent data
demonstrate 3-fold greater health care
costs for HCV-infected patients com-
pared with controls.4 Although the in-

Figure 1. Histopathology Results From Case Patient’s Percutaneous Liver Biopsy Specimens

A Biopsy in 2008

B Repeat biopsy in 2010

Hematoxylin-eosin stain Masson stain

A, From a biopsy in 2008, hematoxylin-eosin stain demonstrates moderate portal inflammation, moderate interface hepatitis, and mild steatosis, and Masson stain
shows bridging fibrosis (blue). B, Repeat biopsy in 2010 shows hematoxylin-eosin stain demonstrating decreased inflammation and decreased steatosis, and Masson
stain showing fibrosis (blue), which is unchanged. Original magnification �200.
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cidence of HCV infection is on the de-
cline, rates of HCV-related cirrhosis and
hepatocellular carcinoma are ex-
pected to peak in 2020.5 However, pro-
jected liver-related mortality over the
next 10 years would be reduced by 34%
to 68% if effective HCV treatment was
successfully provided to half or all of
HCV-infected patients, respectively.5 Of
the 6 genotypes, genotype 1 is the most
predominant in North America and also
the least responsive to interferon alfa–
based treatment.6

HCV Infection:
Treatment Challenges

The single goal for initiation of HCV
therapy today is to achieve enduring
HCV viral clearance or a sustained viro-
logic response (SVR). Large random-
ized controlled studies in HCV-
infected and HIV/HCV-coinfected
patients clearly demonstrate no clini-
cal benefit in continued interferon-
based treatment for those who do not

attain an SVR.7,8 Treatment for chronic
HCV infection has evolved signifi-
cantly since the initial development of
interferon alfa-2b more than 20 years
ago.9 The addition of ribavirin10; pegyla-
tion of interferon alfa11; and the HCV
serine protease inhibitors telaprevir and
boceprevir, which were recently
approved by the Food and Drug Admin-
istration, have increased the rates of
HCV eradication in treatment-naive
patients from 20% to approximately
65%.12,13 A combination of pegylated
interferon alfa (weekly subcutaneous
injections), twice-daily oral ribavirin,
and 3-times-a-day HCV protease inhibi-
tor (either boceprevir or telaprevir) is
the present standard of care for HCV-
infected individuals.

Despite advances in antiviral therapy,
important host and viral factors influ-
ence treatment outcome to interferon-
based therapy (BOX). Our patient had
numerous negative predictors, includ-
ing genotype 1, high baseline HCV vi-
ral load, older age, African American
race, IL28B TT haplotype, advanced
liver fibrosis, previous nonresponse to
interferon, and HIV coinfection. Not
surprisingly, most inner-city chronic
hepatitis C clinics in the United States
comprise patients like ours, making
treatment and the prevention of mor-
bidity associated with chronic liver dis-
ease difficult. Notably, African Ameri-
can race alone has been shown to be an
independent risk factor for lower HCV
viral load decline and poor response to
pegylated interferon/ribavirin therapy
in HIV-infected patients.14-16 Simi-
larly, the recently described IL28B geno-
types (TT/CT) that are associated with
poor response to interferon-based treat-
ment are observed at a higher rate
among African American individu-
als.17 These host-derived negative
predictors are based on therapeutic re-
sponses to interferon-containing regi-
mens and may be determinants of how
the host immune system responds to in-
terferon alfa. However, their role in pre-
dicting a patient’s response to HCV
therapeutics without interferon is un-
known. In this regard, anti-HCV thera-
peutics that do not rely on the host im-

mune system, such as direct-acting
agents, may be more suitable to treat
patients who have many of the poor
prognostic factors described in
the Box. Furthermore, it is promising
that HCV, unlike hepatitis B virus
and HIV, does not integrate into the
host genome and has not yet been
shown to have a clinically relevant ex-
tra-hepatic reservoir. This knowledge
generates optimism regarding the po-
tential for developing successful com-
bination therapies that may result in
SVR for most patients.

Unacceptable adverse effects and tox-
icities represent significant limitations
to current therapy for HCV. Toxicities
to interferon and ribavirin are often dose-
limiting and contribute to overall treat-
ment failure. In trials of pegylated in-
terferon and ribavirin, early treatment
discontinuation due to adverse effects
occurred in 14% to 18% of partici-
pants; dose adjustment was required in
up to 42% of participants; and more than
half of patients experienced flu-like
symptoms of fatigue, myalgias, and
headache.11,18 Depression associated with
interferon therapy poses another im-
portant barrier to HCV treatment. Emer-
gence or exacerbation of depression oc-
curs in up to one-third of patients
receiving interferon for HCV and is as-
sociated with early termination and treat-
ment failure.19,20 Recent data suggest that
multidisciplinary support of psychiat-
ric symptoms during interferon therapy
decreases depressive adverse effects21;
however, randomized controlled trials
of prophylactic antidepressant therapy
did not show benefit.22,23

HIV/HCV Coinfection

HIV coinfection presents a unique chal-
lenge to the management of HCV.
Worldwide, 4 million to 5 million
people are estimated to be living with
chronic HIV/HCV coinfection.6 The
prevalence of HIV/HCV coinfection var-
ies widely by mode of transmission. A
2002 study of an urban US HIV-
infected cohort found that HCV preva-
lence was 89% among injection drug us-
ers, but as low as 14% among those
whose HIV transmission risk factor was

Box. Negative Prognostic
Factors for Achieving
Sustained Virologic Response
to Interferon-Based Therapy
for Hepatitis C Virus Infection

Host Factors

Older age

African American race

IL28B TT haplotype

Alcohol consumption

Advanced liver fibrosis

Human immunodeficiency virus
coinfection

Type 1 interferon response

Low CD4 T-cell counts

Increased body mass index

Lack of ribavirin use

Previous interferon use

Viral Factors

Hepatitis C virus genotype 1

High pretreatment hepatitis C
viral load

Chronicity of infection
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heterosexual contact and 10% among
men who have sex with men (MSM).24

However, since 2000 an increase in the
number of HCV outbreaks among HIV-
infected MSM has been noted, particu-
larly in Australia, Europe, and the
United States.25 In the era of combina-
tion antiretroviral therapy for HIV, liver-
related morbidity and mortality, driven
largely by chronic HCV coinfection, has
increased as opportunistic infections
and AIDS-related conditions have de-
clined.26,27 Further, rates of health care
utilization and disability related to HIV/
HCV coinfection are estimated to be
70% higher than rates for HIV with-
out HCV.28

Management of HIV/HCV coinfec-
tion is characterized by decreased re-
sponsiveness to standard therapy and
increased rates of disease progression.
For example, the likelihood of achiev-
ing an SVR is lower among individu-
als with HIV/HCV coinfection than in
HCV infection (TABLE). Effects of on-
going HIV replication and related
chronic immune activation on HCV vi-
ral levels have been proposed as poten-
tial mechanisms for this disparity in
treatment response rates.6,32

HIV/HCV coinfection is associated
with accelerated development of fibro-

sis, cirrhosis, hepatocellular carci-
noma, and end-stage l iver dis-
ease.24,33,34 Both HIV and HCV produce
reactive oxygen species that are profi-
brogenic and may play a role in accel-
erated disease progression.35 The risk
of developing cirrhosis with chronic
HCV is estimated at 5% to 25% over 25
to 30 years, and this risk increases with
age, alcohol consumption, and im-
mune suppression.1 For example, HIV-
infected individuals with lower CD4 T-
cell counts are at increased risk of
developing severe HCV-related events
(eg, development of ascites, variceal
bleeding, or hepatic encephalopathy)
compared with those with CD4 counts
above 200/µL.36

The toxicities of interferon-based
HCV therapy are seen in similar fre-
quency in HIV/HCV coinfection.14,15

Treatment of coinfected individuals is
further complicated by drug interac-
tions between ribavirin and HIV anti-
retroviral agents. For example, ribavi-
rin-associated anemia is common and
potentially exacerbated by zidovudine
coadministration.37 There are also case
reports of severe mitochondrial toxic-
ity with combination ribavirin and thy-
midine analogue use for HIV/HCV
coinfection.38

The management of chronic hepati-
tis C among HIV-infected patients is
complex and treatment responses of-
ten suboptimal, as seen in our case pa-
tient. Alternative strategies for manag-
ing chronic liver disease and the
emergence of new direct-acting agents
for the treatment of HCV may hold ben-
efit for our patient and others like him.

Strategies to Improve
or Preserve Liver Function

Hepatic steatosis is an independent
prognostic factor that may contribute
to decreased responsiveness to HCV
therapy and increased rates of liver dis-
ease progression in HIV/HCV coinfec-
tion. Individuals with HIV/HCV coin-
fection may experience more hepatic
steatosis, which is associated with an
increased risk of advanced fibro-
sis.39-43 Hepatitis C virus core protein
may directly up-regulate hepatic fatty
acid production and interfere with he-
patic lipid processing.44-46

Both steatosis and insulin resis-
tance are associated with decreased re-
sponsiveness to HCV therapy.47 Insu-
lin sensitizing agents such as the
peroxisome proliferator-activated re-
ceptor (PPAR)-� agonist pioglitazone
are under investigation for the treat-

Table. Sustained Virologic Response Rates to Interferon-Ribavirin–Based Therapy for HCV and HIV Coinfection

Source Treatment Groups

No. SVR/No. Treated (%)

CommentsAll Genotypes Genotype 1

HCV Treatment Trials
Manns et al,11 2001 Peginterferon alfa-2b and ribavirin 274/511 (54) 145/348 (42)

Interferon alfa-2b and ribavirin 235/505 (47) 114/343 (33)

Fried et al,18 2002 Peginterferon alfa-2a and ribavirin 255/453 (56) 138/298 (46)

Interferon alfa-2b and ribavirin 197/444 (44) 103/285 (36)

Jeffers et al,29 2004 Peginterferon alfa-2a and ribavirin 20/78 (26) 20/78 (26) All genotype 1, black

Peginterferon alfa-2a and ribavirin 11/28 (39) 11/28 (39) All genotype 1, white

Rodriguez-Torres
et al,30 2009

Peginterferon alfa-2a and ribavirin 90/269 (33) 90/269 (33) All genotype 1, Latino

Peginterferon alfa-2a and ribavirin 148/300 (49) 148/300 (49) All genotype 1, Non-Latino

HIV/HCV Coinfection Treatment Trials
Chung et al,14 2004 Peginterferon alfa-2a and ribavirin 18/66 (27) 7/51 (14)

Interferon alfa-2a and ribavirin 8/67 (12) 3/52 (6)

Torriani et al,15 2004 Peginterferon alfa-2a and ribavirin 116/289 (40) 1/176 (29)

Interferon alfa-2a and ribavirin 33/285 (12) 12/171 (7)

Carrat et al,31 2004 Peginterferon alfa-2b and ribavirin 56/205 (27) 21/125 (17)a

Interferon alfa-2b and ribavirin 41/207 (20) 8/129 (6)a

Abbreviations: HCV, hepatitis C virus; HIV, human immunodeficiency virus; SVR, sustained virologic response.
aGenotypes 1 and 4.
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ment of nonalcoholic steatohepatitis48

and as adjuvant therapy to interferon/
ribavirin treatment for HCV with some
evidence indicating improved SVR in
those with HCV genotype 4.49 Our pa-
tient received pioglitazone under in-
vestigation for hepatic steatosis in HIV/
HCV coinfection, and although biopsy
results indicated decreased inflamma-
tion and resolution of steatosis, it is
not clear these benefits will persist
after therapy.50 Use of pioglitazone for
hepatic steatosis remains investiga-
tional, and there are no current recom-
mendations for continued use or re-
treatment in this setting.

Strategies Targeting
HCV Replication

Recent progress in HCV treatment is fo-
cused on developing therapeutic agents
that target multiple stages of the HCV
life cycle (FIGURE 2). Following the lead
of antituberculosis therapy and HIV an-
tiretroviral therapy, development is on-
going for direct-acting antiviral agents
that target multiple steps of the HCV
life cycle and will lead to maximal and
sustained viral suppression. Recent
studies using 2 new HCV nonstruc-
tural 3/4A (NS3/4A) serine protease in-
hibitors (telaprevir and boceprevir) in
combination with interferon/ribavirin
have validated this approach by sub-
stantially improving SVR rates.12,13 The
addition of 12 weeks of telaprevir to pe-
gylated interferon alfa-2a and ribavi-
rin resulted in higher SVR rates than
treatment with pegylated interferon and
ribavirin (70% vs 40%) in treatment-
naive patients with chronic HCV geno-
type 1.12 Similarly, the addition of bo-
ceprevir was associated with higher
rates of SVR than pegylated interferon
alfa-2b and ribavirin alone in treatment-
naive, non−African American patients
with chronic HCV genotype 1.13

The improved SVR rates achieved
with the addition of these HCV prote-
ase inhibitors are encouraging, but there
are important key points that should be
noted. First, the use of ribavirin is criti-
cal; SVR rates were substantially re-
duced when ribavirin was not in-
cluded with both telaprevir and

boceprevir.12,13,51 Second, concomi-
tant use of pegylated interferon was nec-
essary to limit the development of re-
sistance to HCV protease inhibitors.52

As with interferon/ribavirin alone, re-
sponse rates to interferon/ribavirin and
boceprevir in African American indi-
viduals were reduced when compared
with non–African American individu-
als.53 Finally, both boceprevir and
telaprevir are metabolized through
CYP3A4 (p450 cytochrome) path-
ways with considerable potential for im-
portant drug interactions with HIV an-
tiretroviral medications.54

Several therapeutic approaches are
under investigation to address cases like
our patient for whom previous treat-
ment with interferon and ribavirin has
failed. Three large clinical trials re-
treated nonresponders (ie, individu-
als who did not achieve an SVR) with
interferon and ribavirin (the EPIC3,
REPEAT, and DIRECT trials) with
either higher doses or longer duration
of both pegylated interferon and riba-
virin.55-57 However, all 3 studies re-
ported dismal SVR rates for previous
nonresponders who received weekly pe-
gylated interferon alfa-2b, pegylated in-
terferon alfa-2a, or consensus inter-
feron along with oral ribavirin for 48
weeks (6.3%, 8%, and 10.7%, respec-
tively), suggesting this may not be an
effective strategy for nonresponders. An
alternative strategy tested whether in-
creasing the pegylated interferon alfa-2a
dose to biweekly for the first 4 weeks
of treatment with ribavirin success-
fully enhanced the kinetics of HCV vi-
ral decline. Compared with standard
weekly pegylated interferon alfa-2a, bi-
weekly therapy significantly im-
proved early HCV kinetics in HIV/HCV-
coinfected patients, particularly African
American patients.58 However, this
study was not large enough to look at
differences in SVR and it did not in-
clude nonresponders. Larger clinical
trials that include previous nonre-
sponders are needed to fully evaluate
whether this approach effectively in-
creases SVR in this group.

Two clinical trials have provided pre-
liminary data evaluating the addition of

HCV protease inhibitors to interferon/
ribavirin for patients who experienced
prior interferon/ribavirin treatment fail-
ures. The addition of telaprevir re-
sulted in an SVR rate of 31% vs 5%
among null responders (ie, individuals
with �1-log decline in HCV viral load
after 4 weeks of treatment),59 while ad-
dition of boceprevir resulted in an SVR
rate of 40% vs 7% among partial
responders (individuals with �2-log
decline in HCV viral load but who had
detectable virus after 12 weeks of
therapy).60 These data indicate modest
improvements in response rates. It is un-
clear whether these results will be ap-
plicable to patients with multiple poor
prognostic factors such as HIV infec-
tion, African American race, advanced
liver disease, and high HCV viral load.

As in the case of our patient, HIV-
infected, African American patients with
an unfavorable IL28B genotype and a
high HCV viral load are less likely to
respond to interferon-based regi-
mens. Host genetic studies show that
enhanced type 1 interferon response in
the liver61 and in peripheral blood
monocytes32 is a strong negative pre-
dictor of subsequent response to inter-
feron therapy. Therapeutic strategies
that do not rely on the host immune
system may be optimal to treat HCV in
these patients, provided they have dem-
onstrated safety and efficacy. Interferon-
sparing therapy including 1 or more di-
rect-acting agents could play a major
role in treating individuals who are not
good candidates for interferon. Sev-
eral early studies of interferon-sparing
regimens have demonstrated early HCV
viral decline in prior nonresponders.
For example, 1 study treated 50 null re-
sponders with a combination of an HCV
protease inhibitor and an NS5A inhibi-
tor and demonstrated early virologic re-
sponse in 46%. These preliminary data
suggest that suppression of HCV viral
load to below the level of detection in
this difficult-to-treat population is pos-
sible using potent direct-acting agents.62

Larger long-term studies are needed be-
fore it can be determined whether this
approach is an effective strategy for sus-
tained HCV clearance.
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Figure 2. Target of Nonstructural 3/4A Serine Protease Inhibitors in the HCV Life Cycle
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Nonstructural 3/4A (NS3/4A) serine protease inhibitors are directly acting antiviral agents that interfere with viral NS3 serine protease and its cofactor, NS4A. In the
hepatitis C virus (HCV) life cycle, viral NS3/4A serine protease cleaves the HCV polyprotein into small nonstructural proteins that are necessary for viral replication
within the hepatocyte. Two drugs in this class, telaprevir and boceprevir, were recently approved by the US Food and Drug administration. ssRNA indicates single-
stranded RNA.
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Further, the use of direct-acting
agents is complicated by the emer-
gence of resistance in patients with
inadequate virologic suppression.63 In
this regard, recent studies show that
treatment with 2 direct-acting agents
without pegylated interferon, ribavi-
rin, or either is associated with HCV
viral breakthroughs,62,64 the mecha-
nisms of which are not completely
understood. Although interferon-
sparing therapy is an ideal strategy for
many patients, it is still to be deter-
mined whether such strategies will
yield high SVR rates.

CONCLUSION
Patients with multiple poor prognos-
tic factors for response to HCV therapy,
like the patient we described with HIV/
HCV coinfection, are representative of
the HCV epidemic in the United States.
To date, our patient is clinically stable
and contemplating future therapy with
direct-acting agents as they become
available. Development of therapeutic
strategies to improve SVR rates in this
group is essential from both a patient
management and a public health point
of view. Existing data suggest that these
patients would benefit from an HCV
regimen that does not rely on the host
immune system. Eradication of HCV or
chronic suppression of HCV replica-
tion may be achievable with long-
term interferon-sparing direct-acting
agents, but concerns regarding viral
breakthrough and emergence of viral
resistance remain. Hepatitis C virus
lacks the 2 major impediments to eradi-
cation seen in most chronic viral infec-
tions, namely a clinically relevant vi-
ral reservoir and integration into the
host genome. Therefore, it is plausible
that effective suppression of HCV rep-
lication with potent anti-HCV agents
could result in a marked improve-
ment in SVR rates achieved in this
population.
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